We propose a simple scheme to probilistically make the high quality quantum entanglement swapping with the type I parametric down conversion. After the swapping, two spatially separated parties who have never interacted each other are entangled through a single photon entangled state. Our scheme only requires the normal photon detecters which can distinguish the vacuum and non-vacuum Fock states.
technology. In this letter, we report a very simple and robust experimental scheme for the entanglement swapping based on the weakly entangled states initiallty. Our scheme only requires the normal photon detecters which can distinguish the vacuum and non-vacuum Fock states.
Our strategy is to build up the entanglement between Alice and Bob, given two copies of the following initial states
which weakly entangles Alice and Clare, Bob and Clare respectively. After a Bell type meassurement in Clare ′ s subspace and certain specific result( the coincidence event) is observed, we believe we have create a state ρ AB between Alice and Bob satisfying one of the following two equations
and
(|10 ± |01 ). Our experimental scheme is schematically shown in fig.(1) . The type I parametric down conversion process may happen after the pump light passes through the nolinear crystal. The total state for all the four beams can be written in the following form(in a good approximation)
where the subscripts indicate the specific modes(subspaces) and |τ | << We denote U B as the time evolution operator of our beam splitter. We assume the following properties in the Schrodinger picture [7] U
Here a † 1 and a † 2 are creation operators of mode 1 and mode 2 respectively. There are many other forms of balanced beam splitters, but all of them will essentially cause the same result on entanglement swapping by our scheme therefore in this paper we only consider the one defined above. Note that here we are using the Schrodinger picture and we simply distinguish different mode around the beam splitter by the propagation direction only [8] .
For example, beam 1 and beam 1' are in the same mode but different state due to the nontrivil time evolution in the two mode space caused by the beam splitter. By this property, we immediately have the following equations
and so on. Using all these properties, we find that after beam 1 and beam 2 reaches the beam splitter, the total state is changed to
In the above equation we have omitted all subscripts for the mode indicators. In all the state vectors in the format of |wxyz or in the format of |wx |yz , we always assume that the symbol in the first, second, third and fourth position from the left to the right are for the quantum state in beam 1', 2', 3 4 respectively. That is to say, vector |wxyz or |wx |yz means that, beam 1', 2', 3 and 4 are in the state |w , |x , |y and |z respectively. Equation (8) shows that once event 1 or even 2 happens, we have obtained the state
(|1 3 |0 4 + |0 3 |1 4 ) with a probability of p = 1 − 2|τ | 2 .
Suppose |τ | 2 = 10 −4 , this probability is larger than 99.9%
Note that here we don ′ t need the photon detector to distinguish one photon and two photons. Moreover, we even don ′ t have to worry about the efficiency of the photon detectors due to the very small value of |τ | 2 .
In an experiment, we want to verify that beam 3 and beam 4 are indeed entangled after we observed the event 1 or event 2 sucessfully. To do so is quite simple. First we check the probability distribution. The state |Ψ ± will give the equal classical probability of one photon on beam 4 and beam 3. To check this, we only need to place extra photon detectors on those two beams. We then check the phase information which distinguishes |Ψ + and |Ψ − . To do so we just let beam 3 and beam 4 pass through a beam splitter. For state|Ψ + , we always find a photon left to the beam splitter, while for the state |Ψ − , we always find a photon right to the beam splitter. That is to say, in order to verify the phase information, we just observe the concidence that D 1 is always fired together with D 3 , and that D 2 is always fired together with D 4 in fig.(2) .
In summary, we have given a simple and robust way to make an unconditional quantum entanglement swapping experiment based on the conditional meassurement results. Our scheme is just a slight modification of the Innsbruck [3, 4] scheme which have been carried out already. Since here we only need to use the the type I parametric down conversion instead the type II down conversion, the experimental time can be much shorter than that of the Innsbruck experiment therefore we believe our schme can be carried out easily based on the current technology.
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